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Abstract 
The present paper is an introduction to the analysis of modern lightweight timber structures based on the analogy with fabric 
production techniques. The following aspects of the concept are presented: possible applications of timber textile structures in 
roofing, façade and bridge construction, methodology of form-finding, examples of experimental investigations in a small scale, 
some aspects of finite element modelling of textile structures. 
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1. Introduction 
Timber constructions are gaining in popularity as the research on timber has increased and more people are 
becoming aware of their advantages. Timber as a building material has a number of excellent properties: high 
strength to weight ratio, easily shaped and connected, one of the most sustainable resources available for man, 
environmental friendly and also aesthetically pleasing.  
Potential of the research fields concerning timber can be observed in latest developments and innovations [2, 3]. 
Cross-laminated timber panels gives new possibilities for massive timber constructions. Laminated veneer lumber 
made from veneers bonded together under heat and pressure finds structural applications like beams and rafters. 
During the last decade fabrication tools became almost necessity for efficient production and quickly attracted 
architects, designers and challenged fabricators to build complex, free-for timber structures. 
The aim of the paper is to present a preliminary investigation on the application of textile techniques in timber 
structures on a building scale. The concept of woven timber is described as well as some experimental (in a small 
scale) and numerical investigations are introduced. 
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2. Woven timber 
Textile is a woven fabric composed of two sets of yarns, wrap and filing, foamed in a process of weaving that 
consists of interlacing them. However, there are woven fabrics in which three sets of yarn are used to give a triaxial 
weave.  In two-dimensional textiles, there may be two or more warps and filings in a fabric, depending on the 
complexity of the construction. The manner in which the two sets of yarns are interlaced determines the weave. By 
using various combinations of the three basic weaves, plain, twirl, and satin, it is possible to produce almost 
unlimited variety of structures. Other effects may be obtained by varying the type of yarns, filament or spun, and the 
fibber types, twist levels, etc. Textiles work cooperatively together as one entity. In the case of failure of the weakest 
element this will not provoke the collapse of the structure as a whole, since the load of the weakest element will be 
carried by those adjacent to it. Textile techniques are widely used in many branches including civil engineering. 
They found applications in geotextiles or tent-like membrane structures. As one of the first achievements of 
humankind, their applications was found in the human dwellings. Nowadays, woven structures are often an 
inspiration for artists and architects. A good example of woven timber is the Pompidou Centre in Metz (Fig.2a). An 
inspiration for this building was a Chinese hat (Fig. 2b).  
 
a)       b)  
Fig. 1. (a) Pompidou Center Metz [7]; (b) Chinese hat [6]. 
3. Form-finding and small scale experimental investigations  
     Innovative forms in architecture and civil engineering can be found in various ways. The concept presented in 
this paper is based in transformation from micro-scale of woven textiles to the macro-scale (building scale). 
Experimental investigations for timber structures in a building scale requires large laboratory facilities [2,4] as well 
as is very costly. To understand some innovative forms of timber structures it is very useful to prepare some 
prototypes in a small scale, which is between micro- and macro-scale. Two examples made by the authors are 
presented in Fig. 2 and 3a. The first example is a woven structure (Fig. 2) made of four strips of balsa wood 
(thickness 1 mm, in-plane dimensions 25 mm x 500 mm). The structure is freely supported and shaped itself into an 
arch. Even in the small-scale it is possible to observe the shape details to introduce them to the numerical models. It 
is also possible to observe the shape changes if any external load or imposed displacements are applied to the 
structure. The second example (Fig. 3a) is also made of balsa wood (thickness 0.6mm) and is useful to prepare a 
numerical experiment (Fig. 3b). Studying the shapes of the strips of balsa wood it is possible to define the correct 
distance between strips to avoid extreme stresses during the contact. The cost of such prototypes is small with no 
need of large laboratory. 
     On the other hand it is possible to find an innovative form of the structure numerically. As any design process it 
is multi-parametric [1]. The main aspects to be considered are: form (size, position, geometric information), force 
(actions, stresses, pre-stress), structure (component’s assembly, boundary conditions), material (mechanical 
properties of the materials used in the design) and technology (building requirements, technical solutions). The 
process is complex – one of the best numerical method of form-finding is dynamic relaxation [4]. 
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a       b  
Fig. 2. (a) Woven arch – side view; (b) Woven arch – top view. 
4. Numerical modelling 
     In the paper a basic module of a flat woven panel (Fig. 3b) composed of 4 by 4 boards is considered. Boards have 
a 6 mm by 150 mm cross section and are 1.4 m long. Distances between the components are equal to 350 mm. Three 
types of weaving are taken into account: plain, twill, and satin. The numerical model of the module was built in the 
FE software ABAQUS 6.11. Because the boards are relatively thin, it was decided to use shell S4R finite elements 
for meshing. They allow transverse shear deformation and use thick shell theory as the shell thickness increases and 
become discrete Kirchhoff thin shell elements as the thickness decreases.  
 
a)     b)  
Fig. 3. (a) Small scale model; (b) Finite element model. 
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     Wood was modelled as orthotropic linear elastic material with the use of ABAQUS keyword *ELASTIC, 
TYPE=ENGINEERING CONSTANTS, where three moduli of elasticity, three Poisson's ratios and three shear 
moduli should be provided. The boundary conditions are applied to all board ends, allowing only rotation in local x 
and y directions (u1=u2=u3=R3=0, where ui is a displacement component and Ri is the rotation component in the 
local i-axis direction). The chosen boundary condition enables the closest to natural response of woven boards, as a 
basic module of a much bigger structure is considered. Each model was loaded with self-weight and pressure of 
0,4kN/m2, both perpendicular to its plane.  It was assumed that additional loading comes from technical equipment, 
which could be attached to such structure. 
     Each board in a module was modelled as a separate part in ABAQUS/CAE. Then they were assembled into one 
model. To simulate interlacing of boards, contact interaction was created between them. It was defined as a small-
sliding interaction between two deformable surfaces. One of them acts as a "master" surface and the other as a 
"slave" surface. A kinematic constraint does not allow the slave surface nodes to penetrate the master surface. For 
the contact pressure definition, ‘hard contact’ was chosen. Penalty contact algorithm was assumed for tangential 
behaviour. As the friction coefficient for wood varies between 0.25 and 0.5, mean value of 0.375 was chosen for the 
analysis.  An example of results is presented in Fig. 4. 
 
 
Fig. 4. S11 stress in plain weave (a) pine; (b) larch; (c) fir. 
     A detailed convergence study as well as more numerical example can be found in [5]. 
5. Conclusions 
     Technologies such as wood welding create possibilities not only for architecture but also for furniture and 
product design. Timber as a building material is capable of satisfying both the demands of contemporary 
architecture as well as the requirements of sustainable building. Structural analysis has not been as widely applied to 
timber constructions as it has to steel or concrete construction. With the development of new digital tools, timber 
construction could be introduced into a new field of application. New possibilities of forming and construction may 
offer a great challenge for civil engineers, as well as architects, willing to respond. Form-finding with finite element 
verification as well as experimental investigations are of main importance. 
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